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(54) CDMA Rake reception signal combining 

(57) In a CDMA reception method, a plurality of dif- 
ferent reference reception delay amounts are preset on 
the basis of a correlation profile obtained by de^pread- 
ing a reception signal. A plurality of correlation values 
are obtained on the basis of at least each of the preset 
reference reception delay amounts. A plurality of inter- 
ference wave levels are measured on the basis of the 
obtained correlation values. Whether detection signals 
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obtained from the respective correlation values are syn- 
thesized is determined on the basis of reception quali- 
ties otstained from the correlation values corresponding 
to the measured interference wave levels. Perrnitted 
detection signals are synthesized, and the synthetic sig- 
nal is decoded. A CDMA receiver is also disclosed. 
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Description ^ ^ 

[0001] The present invention relates to a CDI\/tA 
reception metliod and CDMA receiver which are used 
for a mobile communication system based on the 
CDMA (Coded Division Multiple Access) scheme. 
[0002] In general, in a mobile communication system 
based on the CDMA scheme, a signal to k)e transmitted 
Is spread and transmitted by using a predetermined 
spreading code on the transmitter side, and the signal 
received on the receiver side is de-spread by using the 
spreading code used on the transmitter side to obtain a 
desired signal. This system also uses the IHAKE recep- 
tion scheme of de-spreading signals received through a 
plurality of paths (propagation paths) by using reception 
delay amounts (reception timings) corresponding to the 
respective paths, detecting the signals, and synthesiz- 
ing the resultant signals. With this scheme, the influ- 
ences of multipath interference are suppressed, arxl a 
reduction in transmission power is attained. 
[0003] Conventionally, a CDMA receiver such as a 
portable telephone used in a mobile communication 
system based on the CDMA scheme has an arrange- 
ment like the one shown in Figs. 14A and 14B. 
[0004] As shown in Fig, 14A. the CDMA receiver is 
comprised of a plurality of F INGER processing sections 
2A to 2N respectively having de-spreading sections 8 
and channel estimating sections 9 and an^nged in par- 
allel with respect to a reception signal 1. a RAKE syn- 
thesizing section 3 for synthesizing detection outputs 7 
from the FINGER processing sections 2 A to 2N. a 
decoding section 4 for decoding the synthetic output 
from the RAKE synthesizing section 3. and a synchro- 
nous acquisition following section 5 for respectively out- 
putting delay amount designation signals to the 
FINGER processing sections 2A to 2N on the basis of 
the reception signal 1. 

[0005] The reception signal 1 is input to each of the 
FINGER processing sections 2A to 2N. Each signal is 
then de-spread by being multiplied by the spreading 
code used on the trar^mission side by a correlator 81 of 
the de-spreading section 8 on the basis of a corre- 
sponding delay amount designation signal 6 designated 
by the synchronous acquisition following section 5, as 
shown in Fig. 14B. 

[0006] The synchronous acquisition following section 
5 otstains a correlation profile by multiplying the recep- 
tion signal 1 by the spreading code used on tiie trans- 
mission side while shifting the phase of the code little by 
little. In the obtained correlation profile, correlation val- 
ues larger than a predetermined threshold are selected 
by a predetermined number in the descending order of 
peak values. In tiiis case, the respective reception delay 
amounts used to obtain the selected correlation values 
are sent as the delay amount designation signals 6 opti- 
mal for the respective patiis to the de-spreading sec- 
tions 8 of the FINGER processing sections 2A to 2N. 
[0007] Correlation values 14 obtained by the respec- 



tive de-spreading sections 8 are input to detection sec- 
tions 13 of the channel estimating sections 9 and 
subjected to interpolation of a fading phase shift on the 
basis of tile channel estimation vectors obtained from 

5 tiie correlation values 1 4 by estimating sections 1 2. The 
resultant data are output as detection data 7. 
[0008] The detection data 7 obtained by tiie Fl NGE R 
processing sections 2A to 2N using tiie reception delay 
amounts con-esponding to the respective patiis are 

10 added/syntiiesized by the RAKE synthesizing section 3. 
The decoding section 4 decodes the resultarrt data to 
obtain a desired signal. 

[0009] In such a conventional CDMA reception 
method, however, it takes a certain period of time to per- 

75 form reception delay amount selection processing in the 
synchronous acquisition following section 5. For this 
reason, if the reception quality of a predetermined path 
deteriorates within this processing period, the normal 
detection data 7 cannot be obtained from the FINGER 

20 processing section con-esponding to the path. As a con- 
sequence, the reception quality of the signal obtained 
by RAKE synthesis also deteriorates. 
[0010] It is an object of the present invention to pro- 
vide a CDMA reception method and CDMA receiver 

25 which can suppress a deterioration in the reception 
quality of a signal otTtained by RAKE synthesis even if a 
reception condition changes witiiln a reception delay 
amount selection processing period. 
[001 1 ] In order to achieve the atXTve object, according 

3£7 to the present invention, there is provided a CDMA 
reception method comprising tiie steps of presetting a 
plurality of different reference reception delay amounts 
on the basis of a correlation profile obtained by de- 
spreading a recqation signal, obtaining a plurality of cor- 

35 relation values on the basis of at least each of the preset 
reference reception delay amounts, measuring a plural- 
ity of interference wave levels on the basis of the 
otTtained correlation values, determining, on the basis of 
reception qualities obtained from tiie correlation values 

40 corresponding to the measured interference wave lev- 
els, whether detection signals obtained from the respec- 
tive correlation values are synthesized; and 
synthesizing permitted detection signals and decoding 
the syntiietic signal. 

45 

Rg. 1A Is a block diagram showing a CDMA 
receiver according to the first embodiment of the 
present invention; 

Rg. 1 B is a block diagram showing a de-spreading 
50 section and channel estimating section in Fig. 1A; 

Rg. 2 is a flow chart showing the operation of the 
CDMA receiver in Rg. 1 A; 

Rgs. 3A and 3B are timing charts showing the oper- 
ations of an SIR comparing section and path select- 
55 ing section in Fig. 1 B; 

Rg. 4A is a block diagram showing a CDMA 
receiver according to the second emtxxiiment of 
the present invention; 
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Fig. 4B is a blotk diagram showing a de-spreading 
section and channel estimating section in Fig. 4A; 
Fig. 5 is a flow chart showing the operation of the 
CDMA receiver in Fig. 4A; 

Figs. 6A and 6B are timing charts showing the oper- s 
ations of an SIR comparing section and path select- 
ing section in Rg. 4B; 

Fig. 7 is a graph for explaining a delay profile Indi- 
cating the relationship between a correlation value 
level and a reception delay amount; io 
Fig. 8 is a graph for explaining another delay profile 
Indicating the relationship between a correlation 
value level and a reception delay amount; 
Fig. 9 Is a graph for explaining still another delay 
profile indicating the relationship between a correla- is 
tion value level and a reception delay amount; 
Fig. 10 is a block diagram showing another FIN- 
GER processing section; 

Fig. 11 A is a block diagram showing a CDMA 
receiver according to the third embodiment of the 20 
present invention; 

Fig. 1 1 B is a block diagram showing a de-spreading 
section and channel estimating section in Fig. 1 1 A; 
Fig. 12 is a graph showing still another delay profile 
indicating the relationship between a correlation 25 
value level and a reception del^ amount; 
Fig. 13 is a block diagram showing a de-spreading 
section and channel estimating section according 
to the fourth embodiment of the present invention; 
Fig. 1 4A is a block diagram showing a conventional 30 
CDMA receiver; and 

Fig. 14B is a block diagram showing a de-spreading 
section and channel estimating section in Fig. 14A. 

[001 2] The present invention will be described in detail 3S 
below with reference to the accompanying drawings. > 
[0013] Fig. 1 A shows a CDMA receiver according to^ 
the first embodiment of the present Invention. This 
embodiment uses a RAKE reception scheme of de- 
spreading a plurality of reception signals propagating 40 
through different patiis (propagation paths) witii recep- 
tion delay amounts (reception timings) corresponding to 
the respective paths, detecting the resultant signals, 
and synthesizing them. 

[0014] As shown in Rg. 1A, the CDMA receiver is 45 
comprised of a plurality of FINGER processing sections 
102A to 102N respectively having de-spreading sec- 
tions 108 and channel estimating sections 109 and 
arranged in parallel with respect to a reception signal 
101. a RAKE synthesizing section 103 for synthesizing so 
detection outputs 107 from tiie FINGER processing 
sections 102 A to 102N, a decoding section 104 for 
decoding the synthetic output from the RAKE synthesiz- 
ing section 103. and a synchronous acquisition follow- 
ing section 105 for outputting delay amount designation ss 
signals to the FINGER processing sections 102 A to 
102N on the basis of the reception signal 101. 
[0015] The de-spreading section 108 of each of the 



FINGER processing sections 102A to 102N includes a 
correlator 181 for outputting a correlation value 1 14 by 
multiplying tiie reception signal 101 by tiie spreading 
code used on the transmission side on the basis of the 
reception delay amount designated by a delay amount, 
designation signal 106 from tiie synchronous acquisi- 
tion following section 105. 

[P016] The channel estimating section 109 of each of 
tfie FINGER processing sections 102A to 102N 
includes an estimating section 112 for obtaining a pre- 
determined channel estimation vector from tiie congela- 
tion value 114 otnained by tiie de-spreading section 
108. and a detection section 1 13 for Interpolating a fad- 
ing phase shift of the correlation \^ue 1 1 4 on the basis 
of the estimation vector from tiie estimating section 112, 
and outputting the resultant data as detection data 1 07. 
[0017] The synchronous acquisition following section 
105 obtains a delay profile indicating the relationship 
between a reception delay amount and a correlation 
value level by multiplying the reception signal 1 01 by the s 
phase difference, i.e.. the reception delay amount, 
between the spreading code used on the transmission 
side and the reception signal 101 while shifting the 
phase difference Irttie by llttie. Of the con-elation values 
indicating the peaks of the obtained delay profile, corre- 
lation values larger tiian a predetermined threshold are 
selected by a predetermined number in descending 
order. The reception delay amounts of tiie selected cor- 
relation values are sent as tiie delay amount designa- 
tion signals 106 optimal for the respective pathis to tiie 
de-^readlng sections 108 of tiie FINGER processing 
sections 102 A to 102N. 

[0018] Fig. 7 shows an example of a delay profile, 
which indicates the relationship between the correlation 
value level and the reception delay amount. 
[0019] Referring to Fig. 7. reference symbols Sa to Sc 
denote the correlation value levels of reception delay 
amounts a to c. Level I Indicates the levels of various 
types of Interference waves contained in the reception 
signal 101 . In this case, the synchronous acquisition fol- 
lowing section 105 selects tiie three reception delay 
amounts a. b. and c larger than a predetermined deter- 
mined tiireshold in descending order, and sends the 
reception delay amounts a to c to some of the FINGER 
processing sections 102Ato 102N. 
[0020] With this operation, paths having the respective 
reception delay amounts are allocated from the syn- 
chronous acquisition following section 105 to the FIN- 
GER processing sections 102A to 102N. The respective 
FINGER processing sections 102A to 102N de-spread 
the reception signal 101 by using the designated recep- 
tion delay amounts and output the correlation values 
1 14 of the respective paths. 

[0021] In addition to tiie estimating section 1 12 and 
detection section 113. the channel estimating section 
109 of each of tiie FINGER processing sections 102 A to 
102N includes an interference wave level measuring 
section 118 for measuring the interference wave level 
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contained in correlation value 114 obtained by the 
de-spreading section 108, an SRI calculator 191 for cal- 
culating a signal to Interference ratio (SIR) from the 
interference wave level measured by the Interference 
wave level measuring section 116 and the correlation 
value 1 14. an SIR comparing section 1 10 for comparing 
the reception quality calculated by the SRI calculator 
191 with a predetermined threshold, and a path select- 
ing section 120 for outputting the correlation value 1 14 
from the de-spreading section 1 08 to the detection sec- 
tion 1 1 3 or stopping outputting the correlation value 1 1 4 
on the basis of a path selection signal 1 1 9 correspond- 
ing to the connparison result obtained by tiie SIR com- 
paring section 110. 

[0022] The operation of the CDMA receiver having the 
above arrangement will be described next with refer- 
ence to the flow chart of Rg. 2 and tiie timing charts of 
Figs. 3A and SB. 

[0023] Rrst of all, tiie de-spreading section 108 of 
each of the FINGER processing sections 102A to 102N 
calculates the conrelation value 114 from the reception 
signal 101 tiirough the correlator 181 by using the pre- 
determined reception delay amount (reception timing) 
designated by the delay amount designation signal 106 
from the synchronous acquisition following section 105 
(step SI 01). 

[0024] The channel estimating section 109 calculates 
a reception quality (SIR) from the correlation value 114 
obtained by the correlator 181 by using the SRI calcula- 
tor 191 (step S102). In tiiiscase, the SRI calculator 191 
calculates tiie reception quality on the basis of the ratio 
of the interference wave level measured by the interfer- 
ence wave level measuring section 116 to the correla- 
tion value 114. 

[0025] The comparing section 1 10 compares the cal- 
culated reception quality with the tiireshold (step SI 03). 
If the reception quality is higher than the threshold, the 
congelation value 1 14 is output to tiie detection section 
1 13 through the path selecting section 120 (step SI 04). 
If the reception quality is lower than the threshold* the 
output of the correlation value 114 Is stopped, and a 
value indicating invalidity (all *'0"5) is output instead 
(step SI 05). 

[0026] If, for example, tiie influence of an interference 
wave in Fig. 7 increases while the levels Sa to Sc do not 
change much, the level of the interference wave rises 
from I to I' as a whole, as stiown In Fig. 8. As a result, 
there Is iittie difference between the correlation value 
level Sc and the interference wave level 1*. and hence no 
proper correlation value can be obtained from the path 
with the reception delay amount c. 
[0027] At this time, the SRI calculator 191 calculates 
the reception quality SIR on the basis of the ratio of the 
correlation value level S to the interference wave level I. 
Considering, for example, the reception delay amount c. 
a reception quality Sc/I' in Fig. 8 on which tiie influence 
of the interference wave increases Is obviously lower 
(deteriorates) than a reception quality Sc/I in Fig. 7. 



[0028] Subsequentiy. the detection section 113 
detects the correlation value from the path selecting 
section 120 (step SI 06) and outputs the detection out- 
put 107 to tiie RAKE synthesizing section 103. The 

5 RAKE synthesizing section 103 synthesizes the detec- 
tion outputs 107 from the FINGER processing sections 
102A to 102N (step S107). The decoding section 104 
decodes this synthesis result (step S108). 
[0029] As ^own in Rg. 3A, therefore, the SIR com- 

10 paring section 110 compares a reception quality 111 
from tiie SRI calculator 191 with a tiireshold 112 for 
each reception delay amount designated by the syn- 
chronous acquisition following section 105. I.e.. each of 
time slots TS1 to TS5. Synthesis/non-synthesis of tiie 

IS correlation value 1 14 is determined in accordance witii 
the relationship in magnitude indicated t^y the conpari- 
son result, as shown in Rg. 3B. 
[0030] In this case, since the reception quality 1 1 1 is 
lower than the threshold 112 in the time slot TS3, the 

20 correlation value 114 is neither output from the path 
selecting section 120 nor synthesized in the time slot 
TS3. 

[0031 ] As described above, when the reception quality 
calculated by the SRI calculator 191 deteriorates and 

25 becomes lower than the threshold as the influence of an 
interference wave increases within a reception delay 
amount selection processing period in the synchronous 
acquisition following section 105. the output of tiie cor- 
relation value 114 to the detection section 113 is 

30 Stopped. With this operation, tiie detection data 107 
from the path having undergone a deterioration in 
reception quality, of the patiis corresponding to the FIN- 
GER processing sections 102A to 1 02N. Is not output to 
the RAKE synthesizing section 103. As a consequence, 

35 only the detection data 107 witii good reception quali- 
ties are synthesized. This suppresses a deterioration In 
the reception quality of a signal obtained by synthesis 
even if the influence of the interference wave increases. 
[0032] Rg. 4A shows a CDMA receiver according to 

40 the second embodiment of the present invention. Rg. 
4B shows a de-spreading section and channel estimat- 
ing section in Fig. 4A. The same reference numerals in 
Figs. 4A and 4B denote tiie same parts as in Figs. 1A 
and IB. and a description thereof will be omitted. 

45 [0033] Referring to Fig. 4A. each of FINGER process- 
ing sections 1 02 A to 1 02N is made up of a de-spreading 
section 208 and channel estimating section 209. The 
de-spreading section 208 has a plurality of correlators 
181 to 183 for receiving a reception signal 101 and 

so delay amount designation signal 106 and outputting dif- 
ferent correlation values. In addition to an SIR compar- 
ing section 1 10, path switching section 111, estimating 
section 112, detection section 113. and interference 
wave level measuring section 1 16, the channel estimat- 

55 ing section 209 includes a plurality of SIR calculators 
191 to 193 for calculating reception qualrties (SIR) on 
the basis of the correlation values from the correlators 
181 to 183 and the interference wave lev^el from the 
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interferenc€i wave le^ef measuring section 116. and out- 
putting the reception qualities to an SIR comparing sec- 
tion 110. 

[0034] In this embodiment, the de-spreading section 
208 of each of the FINGER processing sections 102Ato s 
102N obtains a plurality of con-elation values from tiie 
reception signal 101 by using a plurality of different 
reception delay amounts, and the channel estimating 
section 209 selects one of the correlation values from 
the de-spreading section 208 which exhibits tiie best io 
reception quality, and performs detection. 
[0035] The operation of tiie CDMA receiver having the 
above an-angement will be described next with refer- 
ence to Figs. 5, 6a, and 6B. 

[0036] In tiie de-spreading section 208 of each of tiie 75 
FINGER processing sections 102A to 102N, each of the 
correlators 181 to 183 obtains a correlation value 114 
by using the reception delay amount (first reception 
delay amount) designated by the delay amount desig- 
nation signal 1 06 from a synchronous acquisition follow- so 
ing section 105 and a reception delay anrK)unt (second 
reception delay amount) obtained by increas- 
ing/decreasing the above reception delay amount by a 
predetermined correction amount, e.g., 0.5 chip (one 
chip = one bit of a spreading code) (step S121). 2s 
[0037] In the channel estimating section 209. tiie SIR 
calculators 191 to 193 arranged In correspondence with 
the correlators 181 to 183 respectively calculate tiie 
reception qualities of the respective correlation values 
(step S122). The SIR comparing section 1 1 0 compares 30 
the respective reception qualities calculated by the SIR 
calculators 191 to 193. and the patti switching section 
111 selects a con-elation value indicating the best 
reception quality in accordance with a comparison 
result 115 (step SI 23). 55 
[0038] The detection section 113 detects tiie correla- 
tion value from tiie path switching section 111 (step 
S124) and outputs a detection output 107 to a RAKE 
synthesizing section 103. The RAKE synthesizing sec- 
tion 1 03 synthesizes tiie detection outputs 1 07 from the 40 
FINGER processing sections 102A to 102N (step 
Si 25). A decoding section 104 decodes the synthesis 
result (stepSl26). 

[0039] Figs. 9 shows another example of the delay 
profile, in which a reception delay amount b (see Fig. 7) 45 
is selected by the synchronous acquisition following 
section 105. 

[0040] As shown in Fig. 9, the correlator 1^ obtains 
a correlation value using the reception delay amount b, 
the correlator 181 obtains a correlation value using a so 
reception delay amount b4d obtained by increasing 
(delaying) the reception delay amount b by a predeter- 
mined correction value d, and the correlator 183 obtains 
a correlation value using a reception delay amount b-d 
obtained by decreasing (advancing) the reception delay ss 
amount b by a correction amount d. 
[0041] Levels Sb. Sb-d, and Stnd respectively indi- 
cate the levels of the correlation values based on the 



reception delay amounts b, b-d, and b+d. In this case, 
ttie correlation value level SbKi based on the reception 
delay amount b+d obtained by tiie con-elator 181 is 
higher tiian the correlation value level Sb based on the 
reception delay amount b designated by the synchro- 
nous acquisition following section 105. 
[0042] In this case, the path switching section 111 
selects the correlation value based on the reception 
delay amount b^d obtained by tiie correlator 181. and 
outputs it to tiie detection section 113 on tiie subse- 
quent stage. This operation amounts to correction of tiie 
reception delay amount b designated by the synchro- 
nous acquisition following section 105 by the predeter- 
mined correction amount +d on the FINGER processing 
section side. 

[0043] Even if, therefore, tiie influence of an Interfer- 
ence wave increases after the reception delay amount b 
is selected within the reception delay amount selection 
processing period in the synchronous acquisition follow- 
ing section 105, a better correlation value is selected. 
This suppresses a deterioration in the reception quality 
of the signal obtained by synthesis. In general, even If 
the state of a path changes in a period shorter than a 
relatively long selection processing period of 100 ms to 
several s. a deterioration in reception quality is sup- 
pressed, and excellent fbllow-up performance can be 
obtained. 

[0044] As shown in Fig. 6A. ttierefore, the SIR com- 
paring section 110 compares reception qualities 131 to 
133 from tiie SIR calculators 1 91 to 193 for each recep- 
tion delay amount designated by tiie synchronous 
acquisition following section 105, I.e., for every time 
slots TS1 to TS5. As shown in Fig. 6B. in accordance 
with tiie relationship in magnitude indicated by the com- 
parison result, it is determined which correlation value 
1 14 using a specific reception delay amount (reception 
timing) is detected. 

[0045] In this case. In the time slot TS2, the reception 
quality 1 32 exhibits the best quality in tiie time slot TS2. 
and hence tiie correlation value 114 based on the 
reception delay amount tnd is output from a patii 
selecting section 1 20. In the time slot TS5, the reception 
quality 133 exhibits the best quality, and hence the cor- 
relation value 1 14 based on the reception delay amount 
b<l is output. In the remaining time slots TS1 , TS3. €uid 
TS4, since tiie reception quality 131 exhibits the best 
quality, tiie correlation value 1 1 4 based on the reception 
delay amount b is output. 

[0046] In the second embodiment, correlation values 
are concun-entiy calculated by using three reception 
delay amounts including the reception delay amount b 
designated by the synchronous acquisition folloywing 
section 105 and the reception delay amounts b+d and 
b-d obtained by increasing/decreasing the reception 
delay amount b by the connection amount d. However, 
the present invention Is not limited to three reception 
delay amounts, and correlation values may be concur- 
rentiy calculated by using four or more reception delay 
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amounts. ' ' 

[0047] Fig. 10 shows another arrangement of a FIN- 
GER processing section. In this case, the numbers of 
correlators and SIR calculators shown in Fig. 4B are 
increased from three to five each, and con-elation values s 
are concun^ently calculated by using five reception delay 
amounts. 

[0048] In this case, the reception delay amounts in 
correlators 181 to 185 are respectively set to b-d. b-d/2. 
b, b+d^, and b+d. With this arrangement, the reception io 
delay amount b designated by the synchronous acquisi- 
tion following section 105 can be corrected finely as 
compared with the case shown in Rg. 7. 
[0049] Fig. 1 1 A shows a CDMA receiver according to 
the third emtxxiiment of the present invention. Fig. 1 1 B is 
shows a de^spreading section and channel estimating 
section in Fig. 11 A. The same reference numerals in 
Figs. 11A and 118 denote the same parts as in Rgs. 
1A. IB, 4A. and 4B. and a desaiption thereof will be 
omitted, 20 
[0050] In this embodiment, a delay amount comparing 
section 1 1 7 conrpares the reception delay amounts cor- 
rected by FINGER processing sections 1 02A to 102N. If 
the same reception delay amount is selected by differ- 
ent FINGER processing sections, only detection data 25 
from one of the FINGER processing sections is RAKE- 
synthesized. 

[0051 ] Refemng to Fig. 1 1 A. this embodiment further 
includes the delay amount comparing section 117 for 
comparing the corrected reception delay amounts noti- 30 
tied from the FIfsIGER processing sections 102A to 
102N over delay amount notification signals 118. As 
shown in Rg. 11B. a channel estimating section 309 of 
each of the FINGER processing sections 102A to 102N 
has a path selecting section 1 20 between a path switch- 35 
ing section 21 1 and a detection section 1 13 (or estimat- 
ing section 112). 

[0052] The delay amount comparing section 1 1 7 com- 
pares tiie con-ected reception delay announts sent from 
the path switching sections 21 1 of the FINGER process- 40 
ing sections 102Ato 102N over the delay anrraunt notifi- 
cation signals 118 and checks whether the same 
reception delay amount is selected by different FINGER 
processing sections. 

[0053] Fig. 1 2 shows another example of a delay pro- 4S 
file. In this case, reception delay amounts a and b des- 
ignated by the synchronous acquisition following 
section 105 are respectively corrected to a4d and b-d. 
As a result, the two reception delay amounts become 
the same. so 
[0054] In this case, when the same rec^tion delay 
amount is selected, the delay amount comparing sec- 
tion 117 outputs a path selection signal 1 19 to any one 
of the FINGER processing sections which selects the 
same reception delay amount. In addition, the path ss 
selection signal 1 19 is output to the FINGER processing 
sections for which the same reception delay amount is 
not selected. 



[0055] In each of the FINGER processing sections 
102 A to 102N. only when tiie path selection signal 1 19 
is output from tiie delay amount comparing section 1 1 7, 
a correlation value 114 selected by tiie patii switching 
section 1 1 1 is output to the detection section 113 and 
estimating section 112 through the path selecting sec- 
tion 120. Detection data 107 is tiien output to a RAKE 
synthesizing section 103. 

[0056] In each of the FINGER processing sections 
102A to 102N. only when the path selection signal 119 
is output from tine delay amount comparing section 1 1 7. 
a correlation value selected by the path switching sec- 
tion 1 1 1 is output to the detection section 113 and esti- 
mating section 112 through the patii selecting section 
120, and detection data is output to a RAKE synthesiz- 
ing section 103. 

[0057] With this operation, even when the respective 
FINGER processing sections 102Ato 102N separately 
correct the reception delay amounts, the detection data 
107 obtained from tiie correlation value 114 using the 
same reception delay amount is not redundantly input to 
the RAKE syntiiesizing section 103. As a consequence, 
the detection data 107 from the FINGER processing 
sections 102A to 102N can be uniformly synthesized. 
[0058] Rg. 13 shows a FINGER processing section of 
a CDMA receiver according to the fourth embodiment of 
tiie present invention. 

[0059] In this embodiment in each of the FINGER 
processing sections 102A to 102N of the second 
embodiment (Figs. 4A and 4B). only when the reception 
quality indicated by the correlation value 114 selected 
by the path switching section 111 is good, the RAKE 
synthesizing section 1 03 synthesizes the detection data 
107 obtained from the correlation value 114. 
[0060] In a channel estimating section 409 shown in 
Fig. 13. a channel estimating section 109 of each of the 
FINGER processing sections 102Ato 102N has a patii 
selecting section 120 between a path switching section 
1 1 1 and a detection section 1 13 (and estimating section 
1 12). The patii selecting section 120 is contolled by a 
path selection signal 119 from an SIR comparing sec- 
tion 110. 

[0061 ] In this anrangement. tiie reception qualities cal- 
culated by SIR calculators 191 to 193 are compared 
with each other by an SIR comparing section 210, and 
a correlation value indicating the best reception quality 
is selected by the path switching section 1 1 1 in accord- 
ance witii a comparison result 1 15. In this case, tiie SIR 
comparing section 210 compares the selected best 
reception quality with a predetermined threshold. Only 
when the reception quality is equal to or higher than the 
threshold, the path selection signal 1 19 is output. 
[0062] With this operation, only when the reception 
quality indicated by the correlation value 114 selected 
by the path switching section 1 1 1 is higher than the 
threshold, tiie con-elation value 1 1 4 is input to the detec- 
tion section 1 13 and estimating section 112 through the 
path selecting section 120. The detection data obtained 
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from the (&rrelaticfh value 114 is output to the RAKE 
synthesizing section 103. 

[0063] With this operation, therefore, the RAKE syn- 
thesizing section 103 synthesizes only the detection 
data 1 07 obtained from proper correlation values, of the s 
correlation values obtained by using reception delay 
amounts corrected by the FINGER processing sections 
102 A to 102N, on which the influences of interference 
waves are little. As a consequence, a deterioration jn 
the reception quality of the signal obtained by synthesis io 
is suppressed. 

[0064] In each emtxxjiment described above, when 
an interference wave level measuring section 116 Is to 
measure an interference wave level from the correlation 
value 114, measurement is performed as follows. is 
[0065] In. for example. QPSK (Quadrature Phase Shift 
Keying) for performing quadrature multiplexing commu- 
nication using four diffe*^ent phases, symtx)l points cor- 
responding to the respective phases appear on the IQ 
plane. In this case, when the interference wave level 20 
rises, the position of the symbol point obtained from a 
reception signal deviates from a logic position. The 
magnitude of the interference wave level can tiierefore 
be obtained by obtaining the variance of errors between 
the position of the symbol otstained from a • eception sig- 2S 
nal and a logic position. 

[0066] A method of measuring an interference wave 
level from the correlation value 1 14 is not limited to this, 
and a conventional known method may be used. 
[0067] As has been described above, according to the 30 
present invention, only when the level difference 
between a correlation value and an interference wave is 
large, and tfie reception quality is good, the detection 
data obtained from the correlation value is synthesized 
by the syntiiesizing section. In addition, detection data 35 
having undergone a deterioration in reception quality is 
not synthesized. Even if, therefore, the Interference 
wave level rises, a deterioration in the reception quality 
of the signal obtained by synthesis can be suppressed. 
[0068] In addition, since the synthesizing section syn- 40 
thesizes tiie detection data obtained from a correlation 
value indicating the best reception quality, of a plurality 
of correlation values obtained by using tine first and sec- 
ond reception delay amounts, which exhibits a large 
level difference between the correlation value and an 4s 
interference wave. Even if. therefore, the interference 
wave level rises after a reception delay amount is 
selected in the synchronous acquisition following sec- 
tion 105, the reception delay amount is corrected, and a 
better correlation value is selected. For this reason, a so 
deterioration in tiie reception quality, of the signal 
obtained by syntiiesis can be suppressed, and excellent 
follow-up performance can be obtained. 

Claims 55 

1. A CDMA reception method characterized by com- 
prising the steps of: 



presetting a plurality of different reference 
reception delay amounts on the basis of a cor- 
relation profile obtained by de-spreading a 
reception signal; 

obtaining a plurality of congelation values on the 
basis of at least each of the preset reference 
reception delay amounts; 
measuring a plurality of interference wave lev- 
els on tiie basis of the obtained congelation val- 
ues; 

determining, on the basis of reception qualities 
(SIRS) obtained from the correlation values 
corresponding to the measured interference 
wave levels, whether detection signals 
obtained from the respective correlation values 
are syrrthesized; and 

syntiiesizlng permitted detection signals and 
decoding the synthetic signal. 

2. A method according to claim 1 , wherein the step of 
obtaining the correlation values comprises the step 
of obtaining a plurality of correlation values by de- 
spreading the reception signal by using the preset 
reference reception delay amounts. 

3. A method according to claim 1 . wherein the step of 
obtaining the correlation values comprises tiie 
steps of: 

obtaining a plurality of correlation values by 
separately de-spreading tiie rec^tion signal 
by using the preset reference reception delay 
amounts and corrected reception delay 
amounts obtained by slightiy conrecting the ref- 
erence reception delay amounts; and 
selecting one of an optimal correlation value 
from the obtained correlation values. 

4. A method according to claim 3, wherein the step of 
de-spreading comprises the step of separately de- 
spreadlng the reception signal by using the preset 
reference reception delay anrK>unts and a plurality 
of corrected reception delay amounts obtained by 
increasing/decreasing the reference reception 
delay amounts by a predetermined correction 
amount. 

5- A method according to claim 3 or 4. further com- 
prising the steps of: 

comparing reception delay amounts corre- 
sponding to selected optimal correlation val- 
ues; and 

when congelation values using the same recep- 
tion delay anrx>unt are selected, synthesizing 
only detection signals corresponding to one of 
the correlation values. 
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6. A methoci according to claim 3.4 or 5, wherein the 
step of selecting an optimal correlation value com- 
prises the steps of: 

measuring an interference wave level from s 
each otnained correlation value; 
calculating an SIR based on each measured 
int^erence wave level and a corresponding 
correlation value; and 

selecting a correlation value, of the calculated io 
SIRS, from which an optimal reception quality is 
obtained as an optimal correlation value. 

7. A method according to anyone of claims 1 to 6, fur- 
ther comprising tiie steps of: is 

calculating an SIR corresponding to each cor- 
relation value on the basis of an obtained cor- 
relation value and an Interference wave level 
obtained from the congelation value; and so 
determining, on the basis of a calculated SIR, 
whether detection signals obtained from corre- 
sponding correlation values are synthesized. 

8. A CDMA receiver comprising: 25 

a synchronous acquisition following section 
(105) in which a plurality of reference reception 
delay amounts are preset on the basis of a cor- 
relation profile obtained by de-spreading a so 
reception signal; 

a plurality of reception processing sections 
(102A - 102N) for outputting detection signals 
on the basis of the respective correlation val- 
ues obtained by de-spreading the reception ss 
signal by using the respective reference recep- 
tion delay amounts set in said synchronous 
acquisition following section; 
a synthesizing section (103) for syntiiesizing 
tiie respective detection signals from said 4o 
reception processing sections; and 
a decoding section (104) for decoding a syn- 
thetic output from said synthesizing section, 
characterized in that each of said reception 
processing sections comprises 45 
correlation calculation means (181 - 185) for 
obtaining a correlation value on the basis of the 
reference reception delay amount designated 
by said synchronous acquisition following sec- 
tion; so 
interference wave level measuring means 
(1 16) for measuring an interference wave level 
on the basis of the correlation value from said 
correlation value calculation means. 
SIR calculation means for calculating a recep- ss 
tion quality (SIR) on the basis of the Interfer- 
ence wave level from said interference wave 
level measuring means and a corresponding 



correlation value, and 

determination means (110) for determining, on 
the t>asis of the SIR from said SIR calculation 
means, whetiier detection signals obtained 
from con'esponding correlation values are syn- 
thesized. 

9. A receiver according to claim 8, wherein said conre- 
lation value calculation means obtains a conrelation 
value by de-spreading tiie reception signal by using 
a reference reception delay amount designated by 
said synchronous acquisition following section. 

1 0. A receiver according to claim 8. wherein said corre- 
lation value calculation means comprises: 

a plurality of correlators (181 - 185) for obtain- 
ing correlation values by de-spreading the 
reception signal by using a reference reception 
delay amount designated by said synchronous 
acquisition following section and a corrected 
reception delay amount obtained by slightiy 
correcting the reference reception delay 
amount; and 

optimal correlation value selection means (110. 
1 1 1 . 191 - 193) for selecting an optimal con-ela- 
tion value from the respective correlation val- 
ues from said correlators. 

11. A receiver according to daim 10. wherein said plu- 
rality of correlators separately de-spread the recep- 
tion signal by using a reference reception delay 
amount and a plurality of corrected reception delay 
amounts obtained by increasing/decreasing the ref- 
erence reception delay amount by a predetermined 
correction amount. 

12. A receiver according to claim 10 or 1 1. further com- 
prising: 

delay eimount comparing means (1 17) for com- 
paring reception delay amounts corresponding 
to selected op>timal correlation values; and 
path selection means (120) for, when a com- 
parison result otMained by said delay amount 
comparing means indicates that con-elation 
values using the same reception delay amount 
are selected, outputting only a detection signal 
corresponding to one of the correlation values. 

13. A receiver according to claim 10. 11 or 12, wherein 
said optimal correlation value selection means 
comprises: 

a plurality of SIR calculating sections (191 - 
193) for separately calculating SIRs on the 
basis of interference wave levels from said 
interference wave level measuring means and 
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• ccpnresponGSing correlation values; and 
a correlation value selecting section (110, 11 1) 
for selecting a correlation value from wtiich an 
optimal SIR of the calculated SIRs is obtained 
as an optimal correlation value. 

14. A receiver according to anyone of claims 8 to 13, 
further comprising: 

an SIR calculating section (1 91-193) for calcu- 
lating an SIR conesponding to a correlation 
value on the basis of a oon-elation value from 
said optimal correlation value calculating 
means and an interference wave level otTtained 
from a corresporxiing correlation value: and 
determination section (210) for determining, on 
the basis of tiie reception quality from the SIR. 
whether detection signals ok>tained from corre- 
sponding correlation values are synthesized. 
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(54) CDMA Rake reception signal combining 

(57) in a CDMA reception method, a plurality of dif- 
ferent reference reception delay amounts are preset on 
tlie basis of a correlation profile obtained by de-spread- 
ing a reception signal. A plurality of correlation values 
are obtained on the basis of at least each of the preset 
reference reception delay amounts. A plurality of inter- 
ference wave levels are measured on the basis of the 



obtained correlation values. Whether detection signals 
obtained from the respective congelation values are syn- 
thesized is detemriined on the basis of reception quali- 
ties obtained from the correlation values corresponding 
to the measured interference wave levels. Permitted de- 
tection signals are synthesized, and the synthetic signal 
is decoded. A CDMA receiver is also disclosed. 
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